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l. Introduction

In this report we wish to describe the University of California
X-ray experiment on the Third Orbiting Solar Observatory (0OSO-111),
indicate its present operational status and present a preliminary dis-
cussion of the results which have been obtained thus far. An 0S0O satel-
lite consists of two parts: a telescope mount pointed at the sun and
a rotating wheel member. The pointed section, which is maintained
to within about 1 arc minute, contains instruments which generally cover
the ultraviolet and soft X-ray range. The rotating wheel provides a
stabilized platform for the pointed member, contains telemetry and servo
systems and may be outfitted with additional experiments, generally of
a somewhat different nature than those provided in the pointed section.

3

The 080's are launched into a nominally circular orbit of 330 inclination

¥Based on presentations at the 13th International Astronomical Union ’
Meeting, Prague, Czechoslovakia, August 21-30, 1967, and at the 0SO-III
Review Conference, Goddard Space Flight Center, October 6, 1967.




. at 600 kilometers altitude, and are provided with tape recorder storage
so that essentially complete data retrieval is obtained.

The University of California X-ray experiment in the 0OSO-TII was
located pointing radially outward in the wheel section and was designed
to search for X-raysover the 7.7 to 210 kev region. The instrument
scanned across the sun with every wheel rotation and, therefore, had
the capability of observing hard solar X-ray emission. X-ray bursts
have been observed previously from balloons and satellites and are
generally associated with solar flares. Because of the extreme sensi-
tivity of this instrument and its ability to maintain continuous opera-
tion during a period of increasing solar cycle activity, much more new
information is being obtained on these X-rays, and the associated processes
in the Atmosphere of the sun.

Cosmic X-rays were first discovered from rocket observations in 1962.
Since that time instruments carried above the atmosphere by rockets and
balloons have discovered numerous discrete sources of cosmic X-rays, and
in addition have disclosed the presence of an apparently isotropic X-ray
sky brightness. The 0S0-III X-ray telescope is the first satellite-
borne cosmic X-ray instrument. The X-ray sky map which it is generating
is the first such survey in the energy range 7.7-210 kev. Valuable data
on the variability of the cosmic X-ray sources are also the first of
their kind. 3

The 0S0-III was launched March 8, 1967. As of the present time,
all satellite and experiment functions have been operating beyond ex-

pectations and the lifetime of the satellite is expected to be several



years, unless a catastrophic component failure occurs. This report.
presents results which have been obtained on cosmic and solar X-rays

from preliminary processing and analysis of the data.

11. Experiment Description

The University of California instrument has been described in
considerable detail previously! The detector, shown in Figure 14,
consists of a 5 mm thick scintillation counter of about 10 cm2 area
surrounded by an anti-coincidence shielding collimator. The detector
response, FWHM, is 2&0,- its solid angle is .15 steradians. The detector
is arranged to look radially outward from the 080 wheel and as such scans
across the sun, the sky, and the earth below with every nominally
2 second wheel rotation. As the spin axis of the wheel precesses in
right ascension due to the servo controlled motion of the 0SO, the
wheel scan plane will eventually cover the entire celestial sphere.

Pulse-height information from the central detector is analyzed
in six logarithmically spaced differential channels with a channel
ratio of 1.7, and two integral channels at 7.7 kev and 210 kev.

The first channel covers the range 7.7 to 12.5 kev, the second channel
12.5 to 22 kev, etc. Accumulation registers and logic are designed
such that events from the sun and from the sky are processed in
different manners. quormation from each approximately .25 second
scan across the sun is accumulated channel by channel in registers.
Approximately 15 seconds are required to read out a complete

8 channel spectrum of the sun. Events which occur during the wheel

scan are used to interrogate a direction scaler. This is referenced



to the sun during the day or to the spacecraft magnetometer during
satellite night. The direction signature results in each 360° sky-scan
being broken up into approximately 60 six-degree wide intervals. Knowing
the reference direction, the signature scaler number, the location of
the satellite in geocentric coordinates and the position of the spin-
axis in declination and right ascension, the arrival direction of each
X-ray may be then obtained. Additional information such as the shield
rates, and other quantities required to interpret the experiment are

coded onto a subcommutator.

111 Status of Data Reduction

As of October 1, approximately 3 months of reduced data tapes have
been received from the Goddard Space Flight Center. Of these tapes,
approximately A1 month has been sent through the decommutation and re-
duction computer processing at UCSD. Most of this data is associated
with the first few weeks of satellite operation. Certain additional
intervals during which the sun was either exceptionally quiet or active
have also been reduced. Orbital elements obtained fromthe predicted
world maps sent are incorporated into a simple orbit computation program
during the initial reduction. An aspect solution, required to determine
the spin-axis of the satellite, is computed from the magnetometer data.
The aspect is also checked with results obtained from GSFC and from a
reduction obtained by the group at MIT for their cosmic y-ray experiment

on the 0S0-ITI. At the present time the aspect solution is undergoing

review, although for the purposes of this paper there can be no doubt

about the location of the spin axis. Final reduction will be accomplished



using the refined satellite orbital elements after the aspect solution
is verified.

In addition to the main data reduction, we receive each day approxi-
mately five quick-look all channel printouts and associated punched tapes
df X-ray experiment data from GSFC. These passes are obtained from the
Ft. Meyers, Florida, tracking station. One orbit each day is reduced
in a quick-look program to obtain updated information on the status of
the experiment.

All the results reported here have been obtained from the final
tapes received from the GSFC. The results quite naturally fall into
two distinct groups; those obtained on cosmic X-rays and those obtained

on solar X-rays.

IV. Cosmic X-Rays

The analysis required for cosmic X-rays is, of course, quite com-
plex since the instrument is simultaneously scanning across the sky and
moving in geomagnetic latitude and horizon aspect. The final programs
for analyzing the cosmic X-ray results have not yet been completed and
checked out. Certain results, however, are available at the present
time. Figure 2 shows the regions of the celestial sphere which have
been scanned as of October 1. The scan iine of the satellite wheel, as
determined from our Aaspect solution, is shown on March 8 and October 1.
Also shown is the scan line on May A1 indicating the effect of the finite
detector aperture. The limits shown are the positions where the detector

response is down one-half of its full response. The map of the celestial

sphere also shows the location of some important cosmic X-ray sources |

|
. . |
which are known at the present time.



The results obtained from the scar of the sky during approxi-
mately ten orbits on May 11 are shown in Figure 3. May 1lwas selected
because at that time the sun was particularly quiet; even in the lowest
channel there was no appreciable counting rate from the quiet sun. There
were, however, two small X-ray bursts which, in fact, are visible in the
data. Figure 3 shows the distribution of counts during the scan across the
sky for both day and night intervals in the lowest channel, 7.7 to 12.5 keV.
Data has been selected such that only events observed at times when the
instrument was well above the earth's horizon are used. Direct effects
due to earth albedo have, therefore, been eliminated. The background
level produced by cosmic ray secondaries is averaged over all latitudes
covered by the satellite. The gap during the night time is caused by part
of the celestial sphere being occulted by the earth.

The relative intensities are obtained by dividing the number of counts
observed in each sector interval by the normalized time that the detector
was actually observing that sector interval. The details of this com-
putation procedure will not be described here. However, for the data
shown in Figure 3, each interval represents about one minute of data. The
scan, as may be seen from Figure 2, crosses the sun, the galactic center
and up into the northern skies. Sector numbers are referenced from the
experiment solar eye turn-on which occurs 21° before the instrument passes
directly across the stm. The results in Figure 3 clearly show the sun, as
indicated by the two small X-ray flares noted previously. The scan also
shows the complex of X-ray sources near the galactic center and Scorpiu‘s R-1.
This latter strong source is shown in reduced intensity because, as may be

seen from Figure 2, it lies outside the main aperture of the detector.



By obtaining scans such as these for the different energy channels and
correcting for the background, one may obtain spectra of the various
sources. By carefully fitting detector angular response functions to
the scan distribution, one may obtain positions of strong sources to
within a few degrees. The background when no strong sources are in
the aperture is due mainly to the diffuse component of cosmic X-rays.

The preliminary results obtained on the cosmic background component
will be discussed next. Studying such a component requires a detailed
knowledge of the inherent background of the detector itself since this
cannot he obtained by taking differences as the source moves across the
aperture. The properties of the detector have been obtained in a series
of ballqon flights;(g)we know the true background of the detector and
can correct accordingly. The method of extrapolation from the balloon
results obtained over Palestine, Tex/a,s, to higher altitudes and lower
latitudes has been worked out using data obtained from the University of
Minnesota Yy-ray experiment on the OSO-1.

The results obtained from the 0S0-III are shown in Figure 4. The
data averaged over the entire sky when the detector wes above the horizon
and when no strong sources were in the aperture are shown by the solid
points. No correction has been made for satellite latitude except to
eliminate intervals in the trapped radiation regions. Each point as
a function of energy'is corrected for the area, the detector aperture
and the energy width of each channel to give a differential photon
spectrum. To obtain the true cosmic component, one must correct for

the detector background. This is neglectable at the lowest energies.



At the higher energies the detector background, obtained as discussed

previously and shown in Figure 4 as a solid line, must be subtracted.

This results in a steeply falling spectrum, shown by the dotted points.
Also shown as a solid line is the extrapolated spectrum obtained

(3)

by the v-ray spectrometer on the Ranger III. The Ranger results, at

least over the lower energy range, have since been verified in many

(

rocket and balloon experiments. k,5) The points obtained by the 0S0-III
are in excellent agreement with these data and, therefore, verify that
the instrument is performing as expected. By a more careful analysis,
using more data and correcting for latitude dependent background, con-
siderably more precise information about the spectrum and particularly
the anisotropy of the diffuse component of cosmic X-rays will be obtained

on the 0SO-ITTI.

V. Solar X-Rays

As indicated previously, approximately two weeks of solar data have
been examined in detail as well as certain other periods. Analyzing
results from the sun is not particularly complex because of the data
processor on board the satellite and the independence of results from
orbital and aspect positions. The preliminary data analysis has generally
confirmed the previous knowledge of solar X-ray emission. (6)

The outstanding characteristic of the sun in the hard X-ray region
is its variability. The sun itself must be observed against the bright
sky background due to the diffuse component of cosmic X-rays, discussed
in the preceding section. During the period near May 11, the sun was
invisible against this background because of the rather large solid

angle aperture of the instrument. During the class 3 flare on March 22,



the counting rate completely saturated the electronics. The dynamic
range of our instrument, measured by these extremes, is at least 50,000
to 1.

This experiment only observes effects in a small part of the solar
electromagnetic spectrum covered by the instrument complement on the
0S0-IIT satellite. The Air Force Cambridge Research Laboratory, under
the direction of Dr. Hinteregger, has a spectrometer in the ultraviolet
range. Dr. Neupert of the Goddard Space Flight Center(T)is operating a
series of scanning crystal spectrometers which cover the range of approx-
imately 400-1.3 2. Both these instruments are mounted in the pointed
section of the 0SO. In the wheel section, in the same compartment as

the UCSD experiment, Dr. Richard Teske of the University of Michigan(8)

provided an X-ray ion chamber which covers principally the range between ]
8 and i2 A

Qur experiment slightly overlaps the GSFC's spectrometer and observes
the much harder component of X-rays. The 7.7-12.5 keV channel contains
the shortest wavelength observed solar line at 1.6 R. The dominant source
of the counting rate in our lowest channels is not this line but rather a
continuum emission, apparently due to thermal or non-thermal bremsstrahlung.
This seems to maintain for either the quiet sun or for solar flare produced
X-rays.

In Figure 5 are shown results on the "quiet™ sun compared with those
which have been obtained by rocket observations by the Lawrence Radiation

(9,10)

Laboratory during various portions of the present solar cycle. Here
the coordinates have been chosen such that an exponential spectrum, charac-

teristic of thermal bremsstrahlung, will appear as a straight line.



During June of 1965, the sun in this wavelength region could be char-
acterized by a hot gas at 4.5 million degrees Kelvin. In the Fall of
1966 there was an emission component characteristic of a 15 million
degree temperature. Our results are also shown on this same graph for
two periods. One was during the first two weeks of satellite operation
when the data has been extensively analyzed and the sun was generally
active. Here the lowest flux was measured on March 15, 1967, when the
two lowest channels gave a 36 million degree equivalent temperature.

As indicated apreviously, during the period around May 11, 1967, the sun
was invisible against the bright sky. Upper limits are shown for the
lowest channel.

Some of these results, as well as those which follow, are summarized
in Table I, which indic¢ates for various conditions the counting rate, the
energy flux in the lowest channel, and certain other parameters. Although
it is unlikely that all the emission is caused by strictly thermal pro-
cesses, It is possible under this assumption to obtain a temperature
based on the data. From the measured flux, one may then obtain [Ni 4av.
For the quiet sun on March 15, when the equivalent temperature was

36 million degrees, this gives loh6 cm-3. If one assumes typical upper

chromospheric densities of about 10lo cm-3 and a height of 109 cm, the
area of which need be bright at this temperature is exceedingly small; on
the order of 3 millionths of the solar disc. Thus a very small chromo-

spheric region which had either a higher temperature or an equivalent

distribution of non-thermal electrons could account for the excess X—ra)(s
|

i
!
i
\

observed over the 10 to 20 keV range on March 15.



In addition to the "quiet"™ sun, we observed many X-ray increases of
widely different characteristics. These have been extensively analyzed
over the period from March 8 to March 23, when approximately 7O events
occurred. The coverage during this interval was about 60%. In general,
every flare is associated with the production of X-rays. The converse is
not always true, at least for events reported in the monthly Solar-Geo-
physical Data of the Institutes for Environmental Research (ESSA).

The typical event has a fast onset and a slower recovery, with a
duration of about 15 minutes. The burst frequency decreases rapidly
with burst size. As indicated in Table I, during this 2-week period,
approximately five bursts per day emitted a peak flux'of at least
l.2x10_6 ergs/cm2 -sec. For bursts with peak intensity of greater
12x10_6 ergs/cm2 -sec, the frequency was about 0.5 per day. This cor-
responds to 1000 counts/cm2 -sec in the lowest channel. The instrument
saturated at about 3000 counts/cm2 -sec due to the width of the electronic
enable gate.

A typical medium sized burst is shown in Figure 6. This burst was
observed on the 16th of March and shows the correlation of microwave
radio flux and the visible flare!™ ") Typically, we observe that the rise
time of the event on the order of a few minutes while decay time is some-
what longer, on the order of 10 minutes. In all events thus far the higher
energy X-rays show a faster decay time than the lower energy X-rays. Al-
though this particular burst morphology is typical, many other forms have
been observed, such as events that have very gradual rise or fall times.l

Excluding the very large events, the average rise time observed was



65 seconds, the average fall time was 340 seconds. Detailed correlations
of these events with optical and radio observations, and with other ob-
servations on the 0S0-III, have not yet been made.

One of the characteristics of these events is shown in the scatter
diagram of Figure 7. Here is plotted the ratio of channel 3 to channel 2,
which is a measure of the hardness of the X-ray spectrum, as a function of
the peak intensity for each event. This shows clearly that the larger the
X-ray event, the harder the spectrum. This rather unexpected result
appears to be unambiguous at this time. On the basis of a thermal model
this result suggests that the ne2V product for the radiating region tends,
to favor a value of approximately lolw cm'?’.

It is interesting to compare the event shown in Figure 8, which
occurred Ion March 20, with the burst shown in Figure 6. The peak flux
of each corresponds to the 0.5 burste-per day occurrence frequency dis-
cussed above. Both show the characteristic fast rise and slow decay, and
both show faster decay at higher energies in accordance with Figure 7.

The March 20 burst had much greater duration, as did its related Ho
flare. However, the times of peak radio flux and H& emission showed
no simple correlation with the times of peak X-ray emission. W conclude
that even though the solar X-ray bursts obey certain well-defined laws
(Figure 7), each burst is in a sense unique.

In addition to the quiet sun and to the many small bursts, we occasion-
ally observe exceedingly large events, some of which cause saturation. The

largest event of this period occurred on March 22 at approximately 0030 UT.

This event has'been analyzed in some detail for monochromatic X-ray emis-

12



sions over the 13 to 1.32 range by NeupertU) Our data for this event
are shown in Figure 9. The time scale here is much longer than that of
the previously discussed events. The large flux of X-rays saturated the
instrument electronics for more than an hour. Each gap in the data
represents either a station readout of the 0S0 tape recorder or an in-
terval during which the 0S0 satellite was in its night phase. The in-
tensity of the X-rays in the 65 to 120 keV range was well above back-
ground for nearly an hour. Lower energy components remained above back-
ground for 3 or 4 hours and had not completely died away when another
event occurred. Figure 9 also shows the approximate profile of 2700
megacycle radio emission as observed up to the time of radio sunset at
the reporting station. It is not the intent here to go into a detailed
analysis} of these events, but merely to present data that is typical of

hard solar X-ray observations on the’250-IIT.
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TABLE 1

Channel 2 - 7.7-12.5 Kev

Source Rate Flux
(c/cm2-sec.)

(ergs/cmz— sec. )

Et;smic Sky Background 0.2 3 x 1077
"Quiet" Sun - March 15 3.0 50 x 1077
Bursts ~ 5/day 80 1.2 X ZID-6
Bursts ~ 0.6/day 1000 15 X 1076
Saturation 3000 50 X lO-6

16



FIGURE CAPTIONS

Figure 1 The hard X-ray detector on the 0S0-III. The active anti-

Figure 2

Figure 3

Figure L

Figure 5

coincidence shield provides collimation and excellent back-
gound rejection. Events in the central detector are analyzed
in a logarithmically spaced pulse-height analyzer over the

7.7 to 210 keV range.

The locus of wheel scans at various dates across the celestial
sphere. On the scan of May 11th,the effect due to the finite
detector aperture is also indicated. This scan initiates near
the ecliptic plane, passes through the galactic center, near
the strong source Scorpius XR-1and into the northern skies.
Relative intensity across the scan path obtained during approx-
imately 10 orbits on May 11th. The sun, the galactic center
and Scorpius XR-1 are clearly visible above background.

The diffuse cosmic X-ray fiux observed on the 030-III. The
flux, when no strong sources are known to be in the aperture, is
corrected for the detector background, which has been ob-
tained in a series of preliminary balloon and satellite invest-
igations. The resultant flux agrees with previous measure-
ments obtained on the Ranger-111.

The hard X-ray continuum of the nominally quiet sun obtained
by various rocket observations and on the O0SO-111 during this
solar cyclé. On March 15, the sun was generally active, al-
though there were no visible flares or other events reported
during the time this data was taken. During the period of

May 11th only an upper limit was obtained because the flux

was at a very low level.
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FIGURE: CAPTIONS (continued)

Figure 6+ Solar X-ray event typical of those observed between March 8
to March 23, 1967. Some 10 events of this size occurred
during this period, generally associated with solar flare
or radio emission. The typical event shows a fast rise time
and a slower decay time.

Figure 7 This shows the intensity of each event plotted as a function
of the counting rates in the 12.5 - 22 keV channel divided
by the 7.7 - 12.7 keV channel. This indicates that the more
intense the event, the harder the apparent X-ray spectrum.
The temperatures refer to a thermal bremsstrahlung source.

Figure 8 An X-ray event observed on March 20, 1967. This event, which
was quite intense, is somewhat atypical because of the very
slow decay time. The X-ray flux was in its decay phase at the
time of flare H, maximim. The fast rise wes associated with
the peak microwave emission.

Figure 9 The large event of March 22, 1967. The lower channels were
completely saturated for many hours. Even at energies of
100 keV, a detectable intensity was emitted for nearly an
hour. This shows clearly the softening of the spectrum with

time.
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